T he oestrogenic a c tiv ity of four classes of 4 : 4'-dihydroxydiphenylm ethane d erivatives h as been stu d ied . V ariatio n of a c tiv ity in homologous series has been found, a n d m axim um potencies established. T he relationships betw een stru c tu re a n d m ax im u m p o ten cy h ave been found parallel to those in o th er series of sy n th etic oestrogens.
T he oestrogenic a c tiv ity of four classes of 4 : 4'-dihydroxydiphenylm ethane d erivatives h as been stu d ied . V ariatio n of a c tiv ity in homologous series has been found, a n d m axim um potencies established. T he relationships betw een stru c tu re a n d m ax im u m p o ten cy h ave been found parallel to those in o th er series of sy n th etic oestrogens.
T he effect o f m eth y l groups a tta c h e d to th e arom atic rings has been inv estig ated , a n d th e resu lts suggest a biological connexion betw een these groups an d o th e r groups on th e cen tral carbon atom , since th e effects v a ry in m ark ed m a n n e r w ith a lte ra tio n of th e chain length of th e cen tral groups. Dodds and Lawson (1938) noted that certain diphenylmethane deri vatives, previously prepared by Easson, Harrison, McSwiney and Pyman (1934) for another purpose, posssesed oestrogenic activity, when admini stered by injection in oil solution into ovariectomized female rats, in doses of 100 mg.
The oestrogenic activity of this class of compound has now been re-investigated, since earlier results appeared to suggest th a t activity depended essentially upon the presence of the 4 :4'-dihydroxydiphenylmethane grouping, with but little modification by alkyl substituents on the central carbon atom. The activity is now shown to vary, in homologous series, as markedly as in the case of the im portant series of stilbene and diphenylethane derivatives described by Dodds, Golberg, Lawson and Robinson (1939) .
The substances studied were prepared by direct condensation of an aldehyde or ketone with phenol or o-cresol, under the gentlest possible conditions, in the presence of hydrogen chloride.
Condensation of phenols with open chain ketones proceeded smoothly, several days being commonly required for a satisfactory yield, but crystal lizations were generally easy to effect. The presence of a branched chain in the ketone had usually a depressing effect on the reaction, and greatly influenced the yield of diphenylmethane derivative. For example, di-isopropyl and di-iso-butyl ketones under the standard conditions gave no product, although the normal ketones condensed satisfactorily. Similarly, [ 528 ] although methyl-iso-butyl ketone condensed, methyl-sec-butyl and ethyliso-propyl ketones, in which the chain branching is a to the carbonyl, did not condense.
Cyclic ketones generally condensed easily, with the coproduction of troublesome, coloured, by-products. An a-methyl group greatly reduced the reactivity of the carbonyl group in these reactions.
The significance of the results is best appreciated by studying the field of investigation in four sections. Four tables are given, each followed by discussion of the results.
Oestrogenic activities are given in terms of an arbitrary ra t unit, which is taken as the minimum total weight of substance required to give 100 % full oestrus response in ovariectomized female rats when injected in six doses in sesame oil solution during 3 days.
I t is necessary to emphasize th a t these figures are based on results from small numbers of rats-usually five-and, while giving a good basis for comparison under standardized conditions, must not be regarded as significant beyond the first digit.
The A series is derived from phenol and the B series from o-cresol.
. P roducts from aliphatic aldehydes :
A ctiv ity in No.
A lkyl group R r a t units/g. These may all be regarded as a-alkyl-4:4'-dihydroxydiphenyl methanes, or systematically, as a:a-di-(4-hydroxyphenyl) alkanes. The former nomenclature facilitates rapid comparison of members of a series, but the latter is given in the experimental part.
1A
This section has not been studied so exhaustively as the second, since interest in it centred mainly on isomers of the much more active series
35-3
of 4 :4'-dihydroxydiphenyl ethanes or wc-di-(4-hydroxyphenyl) alkanes. Moreover, the activity found was less than in the aliphatic ketone con densation products studied in the second section.
The table shows th a t as the homologous series is ascended the oestrogenic activity remained essentially constant until = w-propyl, when the activity was doubled. Branching of this chain had no effect (no. 5 A), but addition of a methyl group in the /? position to the carbonyl again doubled the activity (no. 6A).
W ith R = diethyl methyl (no. 7 A) the activity again increased, reaching a maximum for the members of the series studied under this section. This substance produced an oestrus response in doses of 5-10 mg. in ovariectomized female rats and was considered particularly interesting, as a closely related isomer of y : £-di-(4-hydroxyphenyl) hexane, commonly known as ' Hexoestrol ':^>
The relationship between these two substances is clearly such th a t the difference lies only in the transposition of an ethyl group and a 4-hydroxyphenyl group. This difference is sufficient to produce a fifty-thousandfold drop in oestrogenic activity, since hexoestrol, the most highly active oestrogen yet discovered, shows full potency in doses of 0-0002 mg. in ovariectomized female rats (Campbell, Dodds and Lawson 1939) .
Increase in the length of R to the corresponding di-w-propyl methyl (no. 9A) slightly lowered the activity, but an intermediate, having R = %-hexyl, showed a distinctly decreased activity. Hence it would appear possible th a t the superior activity of no. 7 A was due to its struc tural resemblance to hexoestrol.
The effect of nuclear methyl groups in the 3 and 3' positions was inter esting. The three cases studied were R = ethyl, w-hexyl and iso-butyl; the addition of the nuclear methyl groups considerably decreased activity. The first instance of this was noted by Dodds and Lawson ( i93^)> but it will be shown th a t this effect is not generally found in other sections of the series. E th y l n -P ro p y l 1000 -16B E th y l n -P ro p y l 4000 -17 A n-P ro p y l n -P ro p y l 500 D ianin (1891) 17B n-P ro p y l n -P ro p y l 5000 -18 A n-P ro p y l n -B u ty l 200 -18B
n -Propyl n -B u ty l 1000 -19 A n -B u ty l n -B u ty l 20 -19B n -B utyl n -B u ty l 200 -These are conveniently regarded as a : a-dialkyl-4:4'-dihydroxydiphenyI methanes, and fall into two categories: the products from phenol (A) and those from o-cresol (B).
As Rx and J?2 ascended their homologous series a maximum was found in both groups when Rx = ethyl and Rt = w-propyl, although in series B the maximum activity persisted in the next member (Rx n-propyl). The position of this maximum in A is of considerable interest, since this substance, no. 16 A, is, once again, a closely related isomer of y : $-di-(4-hydroxyphenyl) hexane: The difference in this case lies in the transposition of a 4-hydroxyphenyl group and a hydrogen atom, and the drop in oestrogenic activity is approximately five-thousandfold.
The significance of the position of the maximum in series B is less evident, since neither of the substances exhibiting maximum activity are isomeric with y : £-di-(4-hydroxyphenyl) hexane. One differs from the most active member of series A only by the presence of two nuclear methyl groups (no. 16B) and the presence of two w-propyl groups in the other (no. 17B) recalls the 9 : 10-di-w-propyl-l :2 :5 :6-dibenzanthraquinol found by Cook, Dodds, Hewett and Lawson (1934) to be the most active of its homologous series. The maximum potency in B represents the highest oestrogenic activity yet found in the diphenylmethane series, and is about five hundred times as great as the maximum activity reported by Dodds and Lawson (1938) in their preliminary investigation of the series.
The effect of nuclear methyl groups in this section was in sharp contrast to the effect in section 1, since the most notable results indicated very marked increases. In one case only, no. 11 (R1 = methyl, R 2 = ethyl), the activity was halved; in several cases the effect was small enough to be considered insignificant. The higher members of the series, however, were found to exhibit increases ranging from four and five-fold (nos. 15 and 16) to ten fold (no. 19). These are the first cases noted where increase of oestrogenic activity occurs as a result of introduction of alky] groups into a benzene ring in an active substance. Similar effects are discussed in the third section.
The very sudden drop in activity shown by no. 19 (Rx butyl) appears to be attributable not merely to excessive overall chain length, but to the specific effect of the individual alkyl groups. This is suggested by the activity of no. 13 (Rx = methyl, = 71-butyl) being lower than th at of its isomers no. 14 (R2= i s obutyl) and no. 16 (H^ propyl) or of its lower homologue no. 12 = methyl, R2 = w-propyl). It is also evident from this th a t the comparatively high activity of no. 16 is not merely a function of its overall chain length, but depends also upon the position of the phenolic substituents in the aliphatic chain: In this group only cyc/o-hexane and cyc/o-pentane rings have been included, and activities have not been found to approach those found in certain instances in the two previous groups. The product from cyclo hexanone and phenol (no. 20A) was found more potent than th a t from cycZo-pentanone (no. 22 A), but although a methyl group in the a position (no. 21 A) decreased the activity of the former, a similarly placed methyl increased the activity of the latter approximately seven-fold (no. 23A). This increase was not so marked in the case of the /?-methyl derivative (no. 24 A), which showed a three-fold increase of activity.
Nuclear methyl groups in the 3 and 3' positions in the cycZo-hexanone derivative (no. 20) had no effect, but produced slightly enhanced activity in the cycZo-pentanone derivative (no. 22).
I t would appear th a t the presence of a methyl group in the molecule of a diphenylmethane of the cyclo-hexane type is not favourabl duction of oestrogenic activity, but th a t a methyl group in conjunction with a cycZo-pentane ring may have an enhancing effect. This applies whether the methyl group is attached to the benzene rings or to the cyclo alkane group, but has most effect in the latter case when attached a to the aromatic substituents. In this connexion it is interesting to recall the structure of oestrone, in which the cycZo-pentane ring is associated with a methyl group which may be regarded as angular to one point of substitution and a to the other.
Condensation products containing additional aromatic rings :
R , The addition of one benzene ring (no. 25 A) to the parent substance of the entire series (no. 1A) produced a doubling of the activity (no. 25 A), but further addition, to form a tetraphenylm ethane, completely removed activity (no. 28A). A methyl group in addition to the third aromatic ring lowered the activity, while replacement of the methyl by ethyl once again removed activity completely.
Similarly, addition of one benzene ring to the substance 2 A ( -(4-hydroxyphenyl) ethane) increased activity considerably (no. 29 A), but a second aromatic ring (no. 30 A) lowered the activity again below th a t of the parent (no. 2 A).
No. 26A was found to be little affected by methyl groups in the 3 and 3' positions.
E xperimental
General method I. The carbonyl compound (1 mol.) was mixed with phenol or o-cresol (4 mol.), treated with a few drops of concentrated hydro chloric acid (for 5-10 g. carbonyl compound), cooled in ice if necessary, and allowed to stand a t room tem perature. After a suitable period the mixture was freed from unchanged reactants by distillation in a current of steam, and the residue extracted with ether. The ether solution was dried over sodium sulphate, and the solvent removed. The residue, if not crystalline, was crystallized from benzene or benzene-light petroleum (b.p. 60-80°) and recrystallized several times from the same or other suitable solvent.
General method I I . The mixture of carbonyl compound (1 mol.) and phenol or o-cresol (4 mol.) was cooled in ice and saturated with dry hydrogen chloride. The mixture was then allowed to stand and eventually worked up as under I.
Aldehydes and ketones employed were prepared by standard methods, or obtained from the usual sources.
Disubstituted acetaldehydes were prepared by the method of Stoermer (1906) and were not carefully separated from possible impurities, since these were not considered likely to affect the condensations.
Methyl-n-butyl, di-n-butyl and n-propyl-n-butyl ketones were prepared most conveniently from the corresponding carbinols by oxidation with potassium dichromate and dilute sulphuric acid.
Many straight chain aliphatic aldehydes have been condensed with phenols by Harden and Em m ett Reid (1932) .
Preparation of new substances
These are given their systematic names and may be referred back to the tables by means of the affixed characteristic numerals. -octane (no. 18B). w-Propyl-w-butyl ketone and o-cresol, method I I -9 days, recrystallized from benzene-light petroleum (m.p. 140°). (Found: C, 81*1; H, 9-35. C22H30O2 requires C, 80-8; H, 9-3 %.) Yield 3 %.
e\e-Di-(4-hydroxyphenyl)-nonane (no. 19 A). Di-w-butyl ketone and phenol, method I I -12 days, recrystallized from benzene-light petroleum and from
